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Description 

METHOD FOR FRAGMENTING AN 
INCOMING PACKET INTO A FIRST 
OUTGOING PACKET AND A SECOND 
OUTGOING PACKET 

Background of Invention 
[000 1 ] 1. Field of the Invention 

[0002] The invention relates to data communications, and more 
particularly, to fragmenting an incoming packet for inclu- 
sion in a first outgoing packet and a second outgoing 
packet. 

[0003] 2. Description of the Prior Art 

[0004] a s stated in Requests for Comments (RFC) document 

number 2516, which is incorporated herein by reference, 
modern access technologies are faced with several con- 
flicting goals. It is desirable to connect multiple hosts at a 
remote site through the same customer premise access 
device. It is also a goal to provide access control and 



billing functionality in a manner similar to dial-up services 
using Point to Point Protocol (PPP). 

[0005] pig.l shows a typical distribution of Asynchronous Digital 
Subscriber Line (ADSL) broadband access to multiple hosts 
through a single customer premise access device. An 
ADSL modem 102 of a server provider 104 is connected to 
a client-side ADSL modem 106 at a particular location 
through a telephone connection 107, which is typically 
implemented as twisted pair telephone wire. As an exam- 
ple, Fig.l shows that the particular location has two sepa- 
rate customers. A first customer 108 and a second cus- 
tomer 110 both receive broadband connectivity from the 
client-side ADSL modem 106. The client-side ADSL mo- 
dem 106 is a single customer premise access device, 
which provides access to the first customer 108 through a 
first gateway 112 and to the second customer 110 
through a second gateway 114. The first customer 108 
has an internal Ethernet network 116, and the second 
customer 110 has an internal Ethernet network 118. 

[0006] By using Point to Point Protocol over Ethernet (PPPoE) be- 
tween the client-side ADSL modem 106 and the first and 
second gateways 112, 114, the service provider 104 is 
able to do access control, billing, and type of service ad- 



justments on a per-customer, rather than a per-location, 
basis. However, the PPPoE connection between the client- 
side ADSL modem 106 and the first and second gateways 
112, 114 also increases the complexity of the distribution 
system 100. For example, the Maximum Receive Unit 
(MRU) negotiated by the PPP-LCP (Link Control Protocol) in 
the client-side ADSL modem 106 is typically 1492 bytes, 
while the Maximum Transmit Unit for the first and second 
Ethernet networks is typical 1500 bytes. Because of this, 
when transmitting packets, such as Internet Protocol (IP) 
packets, from the customer Ethernet networks 116, 118 
to the service provider 104, packet fragmentation is re- 
quired. 

[0007] pig. 2 shows an example of IP packet fragmentation per- 
formed at the first gateway 112 according to the prior art. 
Please note that the IP packet fragmentation operation 
performed at the second gateway 114 is the same as that 
described in Fig. 2. An incoming Ethernet frame 200 in- 
cludes a 14-byte Ethernet header, and a 1500-byte Ether- 
net payload comprising an incoming IP packet 202. The IP 
packet 202 includes a 20-byte IP header and a 1480-byte 
payload. As shown in Fig. 2, the incoming IP packet 202 is 
fragmented by the gateway 112 into a first outgoing IP 



packet 204 and a second outgoing IP packet 208. The first 
outgoing IP packet 204 includes a 20-byte first outgoing 
IP header and a 1472-byte first IP fragment, and is in- 
cluded in a first outgoing PPPoE frame 206, which addi- 
tionally includes a 14-byte Ethernet header and an 8-byte 
PPPoE header. The second outgoing IP packet 208 in- 
cludes a 20-byte second outgoing IP header and an 
8-byte second IP fragment, and is included in a second 
outgoing PPPoE frame 208, which additionally includes a 
14-byte Ethernet header and an 8-byte PPPoE header. As 
shown in Fig. 2, to make room for the 8-byte PPPoE 
header, the 1480-byte incoming IP payload is fragmented 
into the 1472-byte first outgoing IP fragment and the 
8-byte second outgoing IP fragment. 
[0008] pig. 3 shows the usage of a plurality of buffers internal to 
the gateway 112 when fragmenting an incoming IP packet 
as shown in Fig. 2. As an example, Fig. 3 shows twelve 
buffers (Buffer 1 to Buffer 12), wherein each buffer pro- 
vides 128-bytes of data storage. A 14-byte outgoing Eth- 
ernet header (Eth) and an 8-byte PPPoE header for the first 
outgoing PPPoE frame 206 are generated and stored in 
Buffer 1. Additionally, as well known to a person skilled in 
the art, the original 20-byte IP header has the MF, Offset, 



Length, and Checksum fields modified in accordance with 
the first fragment (Fragment 1), which is stored starting in 
the last 86-bytes of Buffer 1 through to the first 
106-bytes of Buffer 12. When transmitting the first out- 
going PPPoE frame 206 and the second outgoing PPPoE 
frame 210, the gateway 112 transmits the data in the 
buffers in order from Buffer 1 to Buffer 12. When reaching 
the last 8 bytes (Fragment 2 as indicated by the Copy 
point in Fig. 3) the gateway 112 needs to generate a new 
Ethernet header and PPPoE header. Additionally, the IP 
header stored in Buffer 1 needs to have the MF, Offset, 
Length, and Checksum fields of the IP header stored in 
Buffer 1 modified in accordance with the last 8-bytes 
(Fragment 2). Afterwards, the new Ethernet header, the 
new PPPoE header, the modified IP header, and Fragment 
2 are transmitted as the second outgoing PPPoE frame. At 
this point, the gateway 112 no longer needs the informa- 
tion stored in Buffers 1 to 12 and these buffers can be 
freed for use in storing a next incoming packet or for use 
in another task. In other words, the IP header in Buffer 1 
must be preserved until after the second outgoing PPPoE 
frame is sent. As such, the method of fragmentation ac- 
cording to the prior art involves inefficient use of the 



available gateway 112 buffer resources. 
Summary of Invention 

[0009] one objective of the claimed invention is therefore to pro- 
vide a more efficient method for fragmenting an incoming 
packet for transmission as a first outgoing packet and a 
second outgoing packet, to solve the above-mentioned 
problems. 

[0010] According to the claimed invention, a method is disclosed 
for fragmenting an incoming packet for transmission as a 
first outgoing packet and a second outgoing packet. The 
method comprises: storing a payload of the incoming 
packet in a plurality of storage units beginning in a first 
storage unit, transmitting the first outgoing packet being 
formed according to a predetermined portion of the pay- 
load stored in the first storage unit, and after transmitting 
the first outgoing packet, transmitting the second outgo- 
ing packet being formed according to a remaining portion 
of the payload stored in the storage units. 

[0011] Also according to the claimed invention, a method is dis- 
closed for fragmenting an incoming packet for inclusion 
in a first outgoing packet and a second outgoing packet. 
The method comprises: storing a payload of the incoming 
packet as a first fragment and a second fragment in a plu- 



rality of storage units, wherein the first fragment is stored 
within a single storage unit; including the first fragment in 
the first outgoing packet; and after including the first 
fragment in the first outgoing packet, including the sec- 
ond fragment in the second outgoing packet. 

[0012] Also according to the claimed invention, a method is dis- 
closed for fragmenting an IP packet for transmission as 
first and second PPPoE frames. The method comprises: 
storing a payload of the IP packet as a first fragment and a 
second fragment in a plurality of storage means, wherein 
the first fragment is stored within a single storage unit; 
transmitting the first PPPoE frame having a payload in- 
cluding the first fragment; and after transmitting the first 
PPPoE frame, transmitting the second PPPoE frame having 
a payload including the second fragment. 

[0013] These and other objectives of the claimed invention will 

no doubt become obvious to those of ordinary skill in the 

art after reading the following detailed description of the 

preferred embodiment that is illustrated in the various 

figures and drawings. 
Brief Description of Drawings 

[0014] pig.l is a diagram showing a typical distribution of ADSL 
broadband access to multiple hosts through a single cus- 



tomer premise access device. 

[0015] pig. 2 is an example of IP packet fragmentation performed 
at the first gateway in Fig.l according to the prior art. 

[0016] pig. 3 is a diagram showing the usage of a plurality of 

buffers internal to the gateway of Fig.l when fragmenting 
an incoming IP packet as shown in Fig. 2. 

[0017] Fig. 4 is an example of packet fragmentation of an incom- 
ing IP packet into a first outgoing IP packet and a second 
outgoing IP packet according to a first embodiment of the 
present invention. 

[0018] Fig. 5 is a diagram showing the usage of a plurality of 

buffers internal to a gateway, such as the gateway shown 
in Fig.l, that are used to fragment the incoming IP packet 
shown in Fig. 4. 

[0019] Fig. 6 is a flowchart describing a general method of frag- 
menting an incoming packet for transmission as a first 
outgoing packet and a second outgoing packet according 

to the present invention. 
Detailed Description 

[0020] Fig. 4 shows packet fragmentation of an incoming IP 

packet 400 into a first outgoing IP packet 402 and a sec- 
ond outgoing IP packet 404 according to a first embodi- 
ment of the present invention. An incoming Ethernet 



frame 406 includes a 14-byte Ethernet header, and a 
1500-byte Ethernet payload comprising the incoming IP 
packet 400. The IP packet 400 includes a 20-byte IP 
header and a 1480-byte IP payload. As shown in Fig. 4, the 
incoming IP packet 400 is fragmented into the first out- 
going IP packet 402 and a second outgoing IP packet 404. 
The first outgoing IP packet 402 includes a 20-byte first 
outgoing IP header and an 8-byte first fragment. The first 
outgoing IP packet 402 is included in a first outgoing PP- 
PoE frame 408, which additionally includes a 14-byte Eth- 
ernet header and an 8-byte PPPoE header. The second 
outgoing IP packet 404 includes a 20-byte second outgo- 
ing IP header and a 1472-byte second fragment. The sec- 
ond outgoing IP packet 44 is included in a second outgo- 
ing PPPoE frame 410, which also includes a 14-byte Eth- 
ernet header and an 8-byte PPPoE header. As shown in 
Fig. 4, to make room for the 8-byte PPPoE header, the 
1480-byte incoming IP payload is fragmented into the 
8-byte first outgoing fragment and the 1472-byte second 
outgoing IP fragment, which are transmit in that order. 
[0021] pig. 5 shows the usage of a plurality of buffers internal to a 
gateway, such as the gateway 112 shown in Fig.l, which 
are used when fragmenting the incoming IP packet ac- 



cording to the present invention. A 14-byte outgoing Eth- 
ernet header (Eth) and an 8-byte PPPoE header for the first 
outgoing PPPoE frame 408 are generated and stored in 
Buffer 1. The original 20-byte IP header of the incoming IP 
packet 400 has the MF, Offset, Length, and Checksum 
fields modified in accordance with the 8-bytes of the first 
fragment (Fragment 1), which are stored in the first 
buffer. After transmitting the first outgoing PPPoE frame 
408 (i.e. at the Copy point in Fig. 5), a new Ethernet header 
and a new PPPoE header are generated for the second 
outgoing PPPoE frame 410. Additionally, the first outgoing 
IP header stored in the first buffer needs to have the MF, 
Offset, Length, and Checksum fields modified in accor- 
dance with the remaining 1472-bytes stored in Buffers 1 
to 12 as Fragment 2. The new Ethernet header, the new 
PPPoE header, the second outgoing IP header, and the first 
78-bytes of Fragment 2 are transmit as the beginning of 
the second outgoing PPPoE frame 410. At this point, the 
information stored in the first buffer (Buffer 1) is no 
longer needed and can be freed for use in storing a next 
incoming packet. Continuing, the next 128-bytes of Frag- 
ment 2 stored in the second buffer (Buffer 2) are transmit. 
As soon as the data in the second buffer (Buffer 2) has 



been transmitted, Buffer 2 can be freed for use. This pro- 
cess continues for the remaining buffers (Buffer 3 to 
Buffer 12) with each buffer being freed immediately after 
having its data transmitted. This is more efficient than the 
prior art, which requires the information in all the buffers 
to be stored until the data in the last buffer has been 
transmitted. 

[0022] | t should be noted that packet types other than IP packets 
can also benefit from the more efficient packet fragment- 
ing method according to the present invention. The 
present invention can be used to fragment any incoming 
packet into a first outgoing packet and a second outgoing 
packet. Furthermore, although Fig. 5 shows twelve buffers 
(Buffer 1 to Buffer 12), wherein each buffer provides 
128-bytes of data storage, it should be noted that the 
present invention is not limited to the use of twelve 
128-byte buffers. Other memory storage devices such as 
memory words are also acceptable. Additionally, storage 
unit sizes other than 128-bytes are also acceptable.As 
such, Fig. 6 shows a flowchart describing a general 
method of fragmenting an incoming packet for transmis- 
sion as a first outgoing packet and a second outgoing 
packet according to the present invention. The flowchart 



contains the following steps: 

[0023] step 600:Provide a plurality of storage units. The storage 
units can be buffers, as shown in Fig. 5, or can be other 
storage devices such as the data words of a memory or 
another device providing a similar storage function. 

[0024] step 602:Store a first fragment of a payload of the incom- 
ing packet entirely into a single storage unit. Please note, 
it is not required that the first fragment completely fill the 
first storage unit. The requirement of the present inven- 
tion is that the first fragment does not span across multi- 
ple storage units. In one embodiment, if the storage units 
are buffers as shown in Fig. 5, this means the first frag- 
ment is stored entirely within a single buffer and does not 
span across multiple buffers. In another embodiment, if 
the storage units are the words of a memory, the first 
fragment is stored entirely within a single memory word. 

[0025] step 604:Store the remaining payload of the incoming 
packet as a second fragment in the storage units. 

[0026] step 606:Modify a header of the incoming packet accord- 
ing to the first fragment to generate a first outgoing 
header that corresponds to the first fragment. 

[0027] step 608:Transmit the first outgoing packet, which is 
formed by the first outgoing header and the first frag- 



ment. 

[0028] step 610:Modify either the header of the incoming packet 
or the first outgoing header according to the second frag- 
ment to generate a second outgoing header that corre- 
sponds to the second fragment. 

[0029] step 612:Transmit the second outgoing packet, which is 
formed by the second outgoing header and the second 
fragment. 

[0030] it should be noted that the first outgoing packet (step 
608) is transmitted before the second outgoing packet 
(step 612). Additionally, as soon as all the data in the first 
storage element has been transmitted, the original header 
of the incoming packet, the first outgoing header, and the 
second outgoing header are no longer required to be 
stored. For this reason, the first storage unit can be freed 
for other uses. Likewise, as soon as the data in each of the 
subsequent storage units has been transmitted, they too 
can be freed. This is more efficient than the prior art, 
which requires the information in all the storage units to 
be preserved until the data in the last buffer has been 
transmitted. 

[0031] Those skilled in the art will readily observe that numerous 
modifications and alterations of the device may be made 



while retaining the teachings of the invention. Accord- 
ingly, the above disclosure should be construed as limited 
only by the metes and bounds of the appended claims. 



